This paper aims to introduce a simulation modeling in the context of a simplified capital budgeting problem. It walks the reader from creating and running a simulation in a spreadsheet environment to interpreting simulation results to gain insight and understanding about the problem. The uncertainty lies primarily in the level of sales in the first year of the project and in the growth rate of sales thereafter, manufacturing cost as a percentage of sales, and the salvage value of fixed assets. The simulation is carried out within a spreadsheet environment using @Risk.
Introduction
This teaching note aims to introduce risk modeling in corporate finance by showing, in the context of a simplified capital budgeting case, how to create and run a simulation in a spreadsheet environment, and how to interpret simulation results to gain insight and understanding about the problem. Instead of having to reinvent simulation in an Excel environment, we employ spreadsheet-based simulation software. This way, students can focus on structuring problems that make managerial sense and on interpreting results for the purpose of supporting and improving the quality of executive decisions.
This note provides step-by-step instruction for simulating the net present value and the internal rate of return of a five-year project. The step-by-step and teach by example approach is adopted from Winston, Albright, and Broadie (2001). The uncertainty lies primarily in the level of sales in the first year of the project and in the growth rate of sales thereafter, manufacturing cost as a percentage of sales, and the salvage value of fixed assets. The simulation is carried out within a spreadsheet environment using @Risk. In the example, initial sales level follows a triangular distribution; the annual sales growth rates are independent and identically distributed with a normal distribution; manufacturing costs as a percentage of sales are independent and identically distributed with a triangular distribution; finally, the salvage value of plant, property and equipment is uniformly distributed. The problem is similar to a standard capital budgeting problem like one would find in an intermediate finance text like Benninga (2006) and case examples on how to structure hard decision problems. The specific distributional assumptions are given in the next Section. It is followed by a detailing of the steps for converting an excel model into a simulation model. The note concludes with a discussion of the simulation outputs.
A capital budgeting simulation exercise

The Milk 4 All Ice Cream Project
The Milk 4 All Company is considering branching into the ice-cream business. It will need a machine costing $1,000,000. The machine will be depreciated over ten years to zero salvage value. However, the ice-cream project is expected to last for only five years. The sale price of the machine at the end of five years will be uniformly distributed with a minimum value of $300,000 and a maximum value of $500,000.
Sales in year 1 follow the triangular distribution with a minimum value of $2,000,000, a most likely value of $3,000,000 and a maximum value of $7,000,000. Thereafter, sales are forecasted to grow exponentially at a rate that is normally distributed with a mean 5 percent and a standard deviation of 2 percent a year.
In each year, manufacturing costs as a percentage of sales have a triangular distribution with a minimum value of 75 percent, a maximum value of 95 percent, and a most likely value of 85 percent. Fixed cash cost (rent) is expected to be $100,000 in the first year. Thereafter the fixed cash cost is expected to grow at the expected inflation rate at 4 percent a year.
The project will require an initial investment of $100,000 in net working capital. From year 1 onwards, the project requires net working capital level to equal to 10 percent of next year's projected sales.
Profits are subject to a 30 percent tax rate. The Milk 4 All Company is profitable enough so that any losses at the project level translate to a tax deduction at the corporate level. In other words, negative tax at the project level is a realistic scenario. The cost of capital is 14 percent. The risk free rate is equal to 6%.
Perform a simulation in answering the following questions. Apply the following simulation settings: 1,000 iterations, Latin Hypercube, Expected Value, Collect all, and 54321 as the fixed seed number. You are to turn in: a) A hard copy summarizing your final answers and recommendations. b) A hard copy supporting evidence (Excel spreadsheets, Quick Report and Detailed Statistics Report) c) An electronic copy (CD or floppy) of the spreadsheet work
Questions
a) Assume that sales in year 1 follow the triangular distribution with a minimum value of $2,000,000, a most likely value of $3,000,000 and a maximum value of $7,000,000. Calculate the probability that year 1 sales will be greater than $5,000,000 and the probability that year 1 sales will be between $2,500,000 and $5,000,000. b) Given that manufacturing costs as a percentage of sales have a triangular distribution with a minimum value of 75 percent, a maximum value of 95 percent, and a most likely value of 85 percent, calculate the probability that manufacturing cost as a percentage of sales is greater than 80% and the probability that manufacturing cost as a percentage of sales is less than 80%. c) Calculate the average NPV of the project over the 1000 iterations. Construct the 95% confidence interval for the NPV.
where N=number of iterations in the simulation. d) Calculate the probability that the NPV is negative and the probability that NPV is greater than $1,500,000. e) Use the tornado diagram to rank the uncertain variables in terms of their influence on the NPV. f) What are your recommendations about the project? Explain. 
Converting an excel model into a simulation model
Getting Started
Input Cells
Before beginning the simulation, you need to know about two kinds of cells that @Risk uses. 
Output Cells
Output Cells are the forecasts of the model, or the things we are interested in understanding. @Risk runs a simulation by repeatedly selecting random variables for each of the input cells and recalculating the spreadsheet for each draw of the random variables. @Risk then stores the values of the output cells so that it can report the distribution. To define the net present value of future cash flows as an output cell, click on B29. On the Excel menu bar, select @Risk > Model > Add Output. You will be prompted to provide a name for the output cell. Then click OK to save and exit. To define the IRR as an output cell, click on B30. On the Excel menu bar, select @Risk > Model > Add Output. You will be prompted to provide a name for the output cell. Then click OK to save and exit.
Interpreting simulation results
This model is already set up to run, but you need to tell @Risk how many trials (sets of random variables) it will draw. To do this, from the Excel menu bar select @Risk > Simulation > Settings and enter 1,000 or some other number as the Suppose you want to determine the probability that the NPV will be less than $1,000 or be greater than $2,000. To answer this question, right-click the B42-Net Present Value/Year output item on the left panel of the @Risk Results Window.
Screen 8. @Risk Results Window
Then, choose Histogram>Area Graph. You will see screen 9.
Screen 9. Histogram of Project NPV
Now go to the right panel and set "Left X" to 0, and "Right X" to 1500000. You will notice that "Left P" becomes 41.33%. This corresponds to the probability that X (here, the NPV) is negative. "Right P" becomes 94.09%. This corresponds to the probability that X is less than 1500000. This means that the probability that X is greater than $1,500,000 is 5.91% =100% -94.01%.
Tornado Chart
The tornado chart shows the ranking of different input variables in terms of their influence on an output variable. For example, right click B29 -Net Present Value output item on the left panel of the @Risk Results Window. Then click on Tornado Chart. See Screen 10. In the example, sales in year 1 have considerably more bearing on the distribution of the NPV any other uncertain variable. This suggests that, more than anything else, project success hinges on initial sales. In terms of influence on the NPV, initial sales is followed by manufacturing cost as a percentage of sales, sales growth rates, and finally by the salvage value of fixed assets. Also, consistent with the time value of money, manufacturing cost as a percentage of sales in earlier years has more influence on the distribution of NPV than manufacturing cost as a percentage of sales in later years. The same thing is true with the influence on the NPV of sales growth rate in earlier years compared with later years. 
Screen 11. Report Settings
Concluding remarks
Traditionally, risk is recognized by performing sensitivity analysis, that is, by examining the impact on performance variables like NPV or IRR of deviations in the values of uncertain variables like sales, sales level, sales growth rates, or unit variable cost. Simulation modeling allows a more focused analysis by incorporating explicit distributions restricting the frequency and magnitude of these deviations. It is also more general in that it allows the evaluation of simultaneous changes in uncertain variables on the distribution of the performance variables. More useful simulation analysis also is made possible by the availability of spreadsheetbased simulation software which allows the analyst to employ distributions which better reflect the dynamics of an uncertain variable, instead of forcefitting more familiar distributions to avoid the analytical complexity of more realistic distributions. 
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